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Blood serum is extensively used in tissue culture and for perfusion of organs. 
Its nutritive  and protective value for the preservation  and growth of animal 
cells in vitro is well known.  Spermatozoa and ova are cells especially differen- 
tiated  for fertilization.  It has  been  reported  (Chang,  1947)  that  there  is  a 
spermicidal factor in serum which kills spermatozoa of its own species and Of 
other  species in vitro.  This  paper  deals  with  a  series  of experiments  which 
demonstrate  a  thermolabile  factor in  the  sera  of certain  species  which  kills 
fertilized  rabbit  ova. 
Methods 
Blood was collected aseptically by heart puncture with or without anesthesia  in 
the case of rabbits,  rats,  and guinea pigs.  It was obtained from the jugular vein 
in the domestic animals (cattle, horse, sheep, and goat) except in pigs, when the blood 
was collected from the neck vessels at slaughter.  Fowl blood was obtained by punc- 
turing between cranium  and atlas;  human blood was drawn from the basilic vein. 
The whole blood was centrifuged two or three times at 2,000  ml,.r~, to secure clear 
serum.  Serum kept at 3°C. no more than 4 days was used in most cases and con- 
sidered as fresh. 
Fertilized rabbit ova were obtained by flushing the excised  Fallopian tubes with 
undiluted rabbit serum 25 to 27 hours after artiticial insemination of the does.  The 
does were superovulated  by repeated  administration  of pituitary extracts  (Pincus, 
1940).  Most of the ova thus recovered were at the two-blastomere stage, a few of 
them were 3-4-blastomere, and a  few were fertilized but uncleared.  The ova from 
four to eight does were mixed up in a watch glass placed inside a Petri dish which con- 
tained a piece of moistered filter paper.  The ova were transferred to a 10 ml. Carrel 
culture flask containing 2 to 4 ml. of serum.  Manipulation of ova was performed in a 
glass cabinet at 30°C.  Then the flasks were attached to a rocking device (Shapiro, 
1939) kept  in an  oven at 38°C.  During operation and manipulation, strict aseptic 
precautions were observed.  After 22  to 25 hours' culture,  the ova were examined 
with a  stereoscopic  microscope at  magniiications  of  36  and  72.  The  numbers of 
blastomeres in each ovum were recorded. 
Ordinarily, when cultured with undiluted rabbit serum, a  two-celled ovum would 
291 
The Journal of General Physiology292  HETEROLOGOUS  SERA  AND  FERTILIZED  RABBIT  OVA 
cleave into 12 to 16 cells, occasionally into 32 cells, after culture for 24 hours.  How- 
ever, some of the ova did not cleave beyond 4-6 cells and a few failed to develop at all. 
In the treatment of data, all those ova cleaved into 7 cells or more than 7 cells were 
arbitrarily considered as normally  cleaved while those ova without further cleavage 
or cleaved only to 6 cells were considered dead. 
Serum was ordinarily heated at 55°C. for 30 minutes to determine the effect of heat- 
ing.  One serum sample collected from one animal was used.  With rats and guinea 
pigs, the serum was a mixture from several animals unless specially described. 
EXPERIMENTAL  RESULTS 
1.  The Recognilion of an Ovocidal Factor in the Serum of Certain Species 
Data presented  in  Table  I  clearly demonstrate  that  there  is  an  ovocidal 
factor present in the serum of man, sheep, cattle, goat, and chick.  This factor 
is  thermolabile,  because  there  was about  75 per cent  of ova cleaved in  the 
serum of man, sheep, cattle, goat, and about 50 per cent in the serum of fowl 
when these sera were heated at 55°C. for 30 minutes while none cleaved in the 
normal serum of these animals. 
When fertilized rabbit  ova were  treated  with  the normal serum  of sheep, 
cattle, and goat for 10 minutes and then cultured in rabbit serum for 24 hours, 
none of the ova cleaved  (Table  II).  Therefore, the serum of these animals 
contains  a  lethal  factor rather  than  a  factor  which  inhibits  the  growth  of 
rabbit ova.  When rabbit ova were treated with normal human serum for 10 
minutes, and cultured in rabbit serum, however, a few of the ova cleaved (20 
per cent).  This indicates that the concentration of this ovocidal factor in the 
human serum is not so high as compared with the sera of other animals.  Of 
the ova treated for 10 minutes with fowl serum,  14 per cent cleaved; possibly 
the mode of action of fowl serum differs from that of the ovocidal factor in 
mammalian sera. 
This factor, however, is absent in the serum of rabbit, horse, dog, guinea pig 
and rat (as shown in Table I), because a large proportion of ova grew in these 
sera without heat treatment.  The data indicate that the rabbit serum is the 
best for the growth of rabbit.ova with or without heat  treatment (83 per cent). 
Horse serum (74 to 80 per cent) is better for the growth of rabbit ova than the 
serum of guinea pigs (70 per cent) or dogs (55  per cent), with or without heat 
treatment.  Heated pig serum is better for the  growth of rabbit ova than is 
normal pig serum (73 vs. 45 per cent), while normal  rat serum is better than 
the heat-treated serum (75 vs. 38 per cent).  It suggests that pig serum may 
contain a  very little  ovocidal factor whim there may be some nutritive sub- 
stances in the rat serum which can be destroyed by heat treatment. 
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TABLE  I 
Effects of Haerologous Sera* on Ferglized Rabbit O~a 
Serum of  Treatment 
Human  Normal 
Heated 
Sheep  Normal 
Heated 
Cattle  Normal 
Heated 
Goat  Normal 
Heated 
Fowl  Normal 
Heated 
Rabbit  Normal 
Heated 
Horse  Normal 
Heated 
Dog  Normal 
Heated 
Guinea  Normal 
pig  Heated 
Rat  Normal 
Heated 
Pig  Normal 
Heated 
Condition  and No. of ova 
Dead ova  I 
No. of blastomeres 
Cleaved ova  Total 
No. of blastom~es  Cleavage 
per cent 
0 
70  -4-  6.2 
0 
69  4-  6.9 
0 
78  -4-  6.5 
0 
77  -4-  8.3 
0 
47  ~=  8.1 
84  4-  5.5 
83  -4-  5.4 
80  -4-  5.9 
74  -4-  6.4 
55  -4-  7.8 
56-4-  7.7 
71  -4-  7.1 
67  -4-  9.6 
75  -4-  7.2 
38  4-  12 
45  4-  7.7 
73  -4-  6.7 
* Sera of 3 to 4 animals were tested for each species.  Human sera of groups A,  AB,  B, 
and 0  were all tested.  Mixed samples and individual samples were tested in the case of 
rats and guinea pigs. 
ovocidal  factor,  tests were  performed  to  determine  whether  the  combination 
of any two of these sera would kill the rabbit ova.  The results were, however, 
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2.  Further Studies on the Ovocidal Factor 
That  this ovocidal factor in the serum is unstable is shown in Table III, 
which illustrates the gradual loss of activity after 17 to 30 days of storage at 
3°C. 
TABLE II 
Cleavage of Rabbit Ova Treated in Heterologous Serum for 10 Minutes and Cultured in Rabbit 
Serum for 24 Hours 
Serum  of 
Man 
Sheep 
Cattle 
Goat 
Fowl 
Ova dead 
12 
7 
7 
10 
12 
Ova deaved  Total 
15 
7 
7 
10 
14 
Cleavage 
per Gent 
20 4-  10.3 
0 
0 
0 
14 4- 9.3 
TABLE III 
Instability of O~oddal Factor of Various Species 
Condition and No. of ors 
Serum of 
Man 
Sheep 
Cattle 
Goat 
Fowl 
Age of serum 
~t 2-3°C. 
days 
17  8 
22  7 
30  1 
20  7 
22  6 
30  4 
17  10 
22  5 
28  6 
36  2 
28  7 
36  5 
21  6 
29  4 
Dead 
Cle2,vage 
Total 
per cent 
10  2O  4-  12.6 
10  30  4-  14.5 
7  86  -4-  10.9 
10  30  4-  14.5 
10  40 4-  15.5 
10  60  4-  15.5 
10  0 
7  28  4-  16.9 
10  40  -4-  15.5 
7  71  4-  17.2 
10  30 4-  14.5 
10  50  4-  15.8 
10  40  4-  15.5 
7  43  4-  18.7 
Cleaved 
The different strengths of the ovocidal factor in the serum of various species 
are illustrated in Table IV.  When the serum of a particular species was mixed 
with fresh rabbit serum in various proportions (Table IV), it was  found that 
the percentage of normal cleavage varied.  Thus, the concentration or strength M.  C.  CHANG  295 
of this factor varies according to the serum of a particular species in ascending 
order as follows: man,  sheep,  cattle,  goat,  fowl. 
The data presented  in Tables  I, III, and  IV are,  in general,  all consistent 
with the view that the ovocidal factor increases in concentration in the order: 
man,  sheep,  cattle,  goat  (Table  IV).  The  disappearance  of  this  factor  in 
TABLE IV 
Effect of Dilution on O~ocidal Potency 
Serum of 
Man 
Sheep 
Cattle 
Goat 
Fowl 
Rabbit serum 
per Cent 
25 
5O 
75 
87.5 
25 
50 
75 
87.5 
25 
50 
75 
87.5 
25 
50 
75 
87.5 
25 
50 
75 
87.5 
Dead 
8 
12 
3 
3 
8 
10 
3 
2 
8 
13 
1 
1 
8 
13 
10 
4 
Condition and No. of ova 
Cleaved 
0 
I0 
17 
II 
8 
10 
10 
5 
0 
4 
11 
12 
0 
0 
13 
13 
Total 
8 
22 
20 
14 
8 
14 
14 
14 
8 
13 
14 
14 
8 
13 
14 
13 
8 
10 
14 
14 
Cleavage 
per cen~ 
0 
46  4-  10.6 
854-  8 
79  4-  10.9 
0 
28  4-  12 
79  4-  10.9 
864-  9.3 
0 
0 
93  4_ 
93  4- 
0 
0 
29  -4- 
694- 
6.8 
6.8 
12.1 
12.8 
0 
0 
28  4-  12 
64  4-  12.8 
storage is in the same order (Table III).  However, fowl serum is more harmful 
to the rabbit  ova (Table  IV) and its ovocidal activity is more stable  after a 
longer time of storage (Table III) or of heat treatment  (Table I).  It may be 
due to the fact that the fowl is more distantly related to the rabbit evolution- 
ally, so that the serological incompatibility of fowl serum to rabbit ova is more 
marked.  On the other hand,  it may be due to the fact that heat treatment 
removes the ovocidal factor in the fowl serum, but at the same time destroys 
some nutritive substance in the fowl serum. 
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following  tests:  Cattle  serum and  sheep serum were dialyzed  against  rabbit 
serum for 2 to 5 days at 3°C.  After culture for 24 hours, rabbit ova cleaved 
in  the  rabbit  serum  but  not  in  the  dialyzed  cattle  or  sheep  serum.  When 
rabbit ova were cultured in a mixture containing 3/44 of ultrafiltrate of cattle or 
sheep serum and ~/g of normal rabbit serum, the ova cleaved at a more or less 
normal rate.  It is clear therefore that the ovocidal factor is undialyzable and 
is of large molecular size. 
3.  The  Difference  between  the  Ovocidal  Factor  and  the  Spermiddal  Factor  in 
Serum 
The serum of all the species mentioned in this study, including  rabbit  and 
cat, killed rabbit spermatozoa when 0.03 ml. of rabbit semen was added  to 1 
ml. of the serum.  But the serum of certain species (horse, pig, dog, cat, guinea 
pig, and rat) has no obvious effect on the rabbit ova in vitro.  Since the spermi- 
cidal factor in the serum can be used up by a definite number of spermatozoa 
(Chang,  1947),  tests were performed  to determine  whether rabbit  ova could 
survive when  the  spermicidal factor was removed.  Rabbit  spermatozoa re- 
covered from'the vas deferens were added to cattle serum or goat  serum till a 
large proportion of motile spermatozoa were present.  The serum was  centri- 
fuged and used to culture rabbit ova.  It was found that all the ova were dead 
in the serum unless the serum was inactivated by heat.  It is evident, there- 
fore, that the ovocidal factor is not identical with the spermicidal  factor. 
Since the spermicidal factor in the serum is destroyed or inhibited  by Seitz 
filtration,  rabbit  ova  were  cultured  in  Seitz-filtered  cattle  and  goat  serum. 
It was found that  the ova cleaved at a  more or less normal rate if the  serum 
was twice filtered.  In this respect, the ovocidal factor is similar to the spermi- 
cidal factor. 
The  spermicidal  factor  can  be  destroyed  or  inhibited  by  sodium  citrate 
(Chang,  1947).  Cattle, goat, or rabbit sera containing 0.25  to  1  per cent of 
sodium citrate were used to culture rabbit ova.  It was found  that  the rabbit 
ova grew in the rabbit serum but not in the cattle or goat serum.  Thus, unlike 
the spermicidal factor, the ovocidal factor cannot be inhibited or destroyed by 
the addition of sodium citrate to the serum. 
The spermicidal factor has several characteristics similar to the complement 
(Chang, 1947)  which is present in abundance in guinea pig serum.  But guinea 
pig serum has no ill effect on rabbit ova.  This is further evidence of the dif- 
ference between the spermicidal and ovocidal factors. 
4.  Other Observations 
Fertilized rabbit ova suspended in saline were subcutaneously injected  into 
rats, guinea pigs, and Dutch rabbits to determine whether these animals can be 
immunized against rabbit ova.  About 20  ova were injected  each  time into ~.  c.  CRANG  297 
one animal for 10 weeks at  7 day intervals.  Rabbit ova cleaved at  a  normal 
rate in the serum of injected rats and rabbits,  but not in the serum  of guinea 
pigs  (pooled  serum  or  serum  from individual  animals).  This  indicates  that 
immunization against rabbit ova can be induced in guinea pigs.  But whether 
it is a specific reaction to ova or to protein in general has not been determined. 
Transplantation  of rabbit ova (Pincus,  1936; Chang,  1948 a) after 24 hours' 
culture in the serum of other species was carried out to determine whether  ova 
normally  cleaved  in  culture  would  develop  into  normal  young.  One  young 
FIGS.  1 and 2.  Sections of two-celled rabbit ova cultured in normal cattle serum 
(Fig. 1) or in heated cattle serum (Fig. 2) for 24 hours.  Hematoxylin stain.  X 343. 
was obtained  by the  transplantation  of  18 ova cultured  in horse  serum  into 
the  Fallopian  tubes  of two  recipient  does.  When 23  ova cultured  in heated 
cattle  serum were  transplanted  into  three  does,  one young was born.  Eight 
young animals were delivered from one recipient mother after transplantation 
of 14 ova cultured in heated sheep serum into 2 recipient  does.  No pregnancy 
occurred by transplantation  of l0 ova cultured in heated goat serum. 
The  results  indicate  that  normal development  is possible  after  the ova are 
cultured  in the heated  serum or serum containing no ovocidal factor of  other 
species.  Nevertheless,  the  percentage  of normal  development  (13  per  cent) 
is very low as compared with ova cultured for 24 hours in rabbit  serum (28 per 
cent, Chang,  1948 b). 
Histological  examination  of  the  ova  reveals  the  shrinkage  of  blastomeres 
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in the serum containing the ovocidal factor (Fig. 1).  Although most of the ova 
cleaved in the heated heterologous sera, the blastomeres were not so regular and 
their nuclei  were eccentric  (Fig.  2).  This  may explain why a  very low per- 
centage of ova developed into normal young after cultivation in heterologous 
sera  for 24 hours. 
DISCUSSION 
Artificial media have long been used for tissue culture.  But a medium even 
as complicated as White's solution (1946) is still better when a  certain propor- 
tion of serum is added (Jacoby and Darke, 1948).  This appears to be due to 
the proper colloidal osmotic pressure of serum and  the presence of a  growth 
factor,  amino acids,  enzymes, and  other unknown  constituents in the  serum. 
Blood serum, biochemically and immunologically, is a very complicated system. 
Whether blood serum may have an ill effect on other tissue cells, as in  the case 
of  spermatozoa or  ova,  is  obscure.  Parker  (1938)  reported  that  a  medium 
containing  15 per cent of serum is better for the growth of chicken monocytes 
than one with 25 per cent of serum.  This may indicate the possibility of ad- 
verse effect of serum on other tissues when a  harmful factor is introduced  in 
large amount.  Seitz filtration of serum, which destroys both spermicidal and 
ovocidal factors, has been practised in perfusion of organs for aseptic reasons 
(Carrel and Lindbergh,  1938).  This practice may mitigate a possible harmfu.| 
effect of serum on other tissues, and perhaps for this reason an adverse effect 
of serum on other tissues has not been stressed. 
Carrel and Ebeling (1922)  have shown that if serum is inactivated by heat or 
by shaking, a reduction occurs in the growth activity of homologous cells while 
heterologous  cells show increased  activity.  They concluded  the  reduced  in- 
hibitory  action of treated  serum on  foreign fibroblasts to  be due  to  the  de- 
struction of  complement.  An  increase  of inhibiting action  of treated  serum 
on homologous fibroblasts is perhaps due to the disappearance of a  substance 
which promotes the activity of the homologous cells.  The results in the present 
study demonstrate, however, that there is no difference in the growth of rabbit 
ova when heat-treated  or normal homologous serum  (rabbit)  is used.  Even 
in  the  serum of horse,  dog,  and  guinea  pig,  which  has  no  obvious harmful 
effect on rabbit ova, there is no strong evidence to show the destruction of the 
growth-promoting factor after heating.  The growth-promoting factor, there- 
fore, may be not very easily destroyed by the heat treatment used in the present 
experiments.  Heat  treatment  of heterologous  serum  (human,  sheep,  cattle, 
goat, and fowl) definitely destroyed the toxic effect of foreign serum on rabbit 
ova; but this toxic substance is not necessarily complement.  Only the case of 
rat serum (Table I) fits the assumption of Carrel aDd Ebeling that heat treat- 
ment inhibits a growth-promoting factor. 
The hemolytic reaction of serum to foreign red cells is well known.  When a ~.  C.  CHANG  299 
small amount of washed rabbit red cells is added to the serum of all these species 
mentioned, a hemolytic reaction occurs.  The hemolytic reaction or spermici- 
dal reaction of the serum can be destroyed by heat treatment or by addition of 
sodium  citrate.  Since hemolysis requires  the  participation  of  complement, 
the spermicidal factor may be similar to the hemolysin or to one component of 
the hemolytic reaction.  However, the sera of horse, dog, pig,  rat, cat,  and 
guinea pig have more or less of a hemolytic reaction on rabbit red cells but have 
no effect on rabbit ova.  This indicates that the ovocidal factor is not due to 
hemolysin or a component in the hemolytic reaction. 
The bactericidal factor in the serum is attributed to the action of comple- 
ment (Osborn, 1937;Ecker and Lopez-Castro, 1947), and the spermicidal factor 
in the serum has certain features similar to those of complement.  It is possible 
that the bactericidal factor and the spermicidal factor are the same.  As for 
the ovocidal factor, it is different from complement and from the spermicidal 
and the bactericidal factor in the serum. 
It is very possible that the spermicidal and ovocidal factors in the serum 
are kinds of enzymes because of their thermolability and large molecular size. 
It is interesting to note that there is no obvious explanation for the species 
difference in the presence and concentration of ovocidal factor. 
SUMMARY 
Undiluted  blood serum  of various  species  was  used  to culture  two-celled 
rabbit ova for 24 hours.  It was found that there is an ovocidal factor present 
in the serum of man, sheep, cattle, goat, and fowl.  The factor is lethal rather 
than inhibitory; exposure to it for 10 minutes will cause the death of the ova. 
This factor is unstable, thermolabile (destroyed at 55°C. in 30 minutes), and of 
large  molecular  size.  The  strength  or  concentration  of  this  factor  varies 
according to the origin of the serum, increasing in the order man, sheep, cattle, 
goat, fowl.  The blood serum of rabbit, horse, dog, guinea pig, rat, and pig 
contains no ovocidal factor against  rabbit ova.  The ovocidal factor differs 
from the spermicidal factor, which is present in all the sera of the different 
species  studied  with  rabbit  spermatozoa.  Immunization  of  the  guinea  pig 
against rabbit ova is possible.  Normal development of young rabbits was ob- 
tained by transplantation of ova cultured in the heated or normal serum of 
other species after 24 hours. 
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